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This randomized phase II multi-center study was designed to
determine the time to progression, duration of response and
the feasibility of an intensified maintenance regime consist-
ing of a combination of interferon (IFN)-a and retinoic acid
after high-dose combination chemotherapy and radiotherapy
in patients with small cell lung cancer. The patients received
four courses of combination chemotherapy consisting of
ifosfamide, carboplatin and etoposide, with higher doses of
ifosfamide and carboplatin given in the first course, with
routine growth factor support. Responding patients were
then randomly assigned to one of three maintenance therapy
arms. All patients with limited disease (LD) were given
thoracic radiotherapy before maintenance therapy and those
who had also achieved a complete response (CR) or minimal
residual disease (MRD) received prophylactic cranial irradia-
tion. In Arm 1 patients received IFN-a-2a, 6 MIU s.c. TIW for 4
weeks, followed by 3 MIU s.c. TIW, and 13-cis-retinoic acid
1 mg/kg/day p.o. BID daily. In Arm 2 patients received
trophosphamide 100±150 mg/day p.o. BID. No maintenance
treatment was given in Arm 3, the control group. Main-
tenance therapy was continued for 1 year. Eighty-five
patients were treated according to the protocol. Twenty-one
patients achieved CR, four achieved MRD and forty-two
achieved partial responses to chemotherapy and radio-
therapy. Sixty patients (71%) were randomly assigned for
maintenance treatment. Median survival was 17.1 months in
the IFN-a±retinoic acid arm, 12.4 months in the tropho-
sphamide arm and 13.5 months in the control arm. One-year

survival rates were 82, 56 and 55%, respectively. Duration of
response was 6.5, 5.5 and 4.7 months, respectively. Time to
progression was 8.6, 8.0 and 6.8 months, respectively The
differences were not statistically significant. The IFN-a±
retinoic acid maintenance treatment was well tolerated.
Patients who received IFN-a±retinoid maintenance therapy
lived longer after the onset of progressive disease. The
treatment regime was effective, feasible and well tolerated.
[# 2000 Lippincott Williams & Wilkins.]
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Introduction

Initial treatment with chemo- and radiotherapy,
separately or in combination, produces high response
rates in small cell lung cancer (SCLC), but subsequent
relapse is inevitable. In untreated SCLC, median
survival (MS) is approximately 3 months. In large
series MS is 8 months for patients with extensive
disease and 14 months for those with limited disease
(LD), after combination chemotherapy.1 There has
been a trend in recent years to reduce the number of
treatment cycles in the induction phase.2 At the same
time, efforts have been made to potentiate the
chemotherapy by using higher doses of drugs together
with growth factors3 to prevent or delay subsequent
relapse, although conventional doses may still have a
clinically useful impact on response duration and
survival.4 Analysis of 21 phase III trials initiated in
North America and the SEER database from 1972 to
1994 demonstrates that there has been little change in
the MS of patients with extensive-stage SCLC over the
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last 10 years. Twenty-two years of clinical research
using the available chemotherapy has achieved an
improvement of only 2 months in the survival of
patients with extensive-stage SCLC.5

It is therefore of interest to investigate novel
therapies using, for example, biological response
modifiers to prolong remission. Interferon (IFN) was
the first cytokine to be used in the biological therapy
of malignant diseases in the 1970s. IFNs are glycopro-
teins produced by many types of cells in response to
foreign proteins such as viruses, microbes or tumors.
The direct effect of IFN may be antiproliferative,
cytostatic or cytotoxic. The Helsinki Lung Cancer
Group has performed several sequential randomized
studies to find the optimal way to use IFN in the
overall treatment of SCLC.6±8 Initially, high-dose IFN-a
was given as monotherapy before chemoradiotherapy
to patients with previously untreated limited disease
SCLC. The results suggested that natural IFN-a had
some biological activity against SCLC.6 We then
investigated maintenance treatment with natural IFN-
a and found that it significantly prolonged survival for
patients with limited disease and improved the long-
term survival of SCLC patients for whom other
prognostic factors were favorable.7,9 We have also
shown that IFN can be administered concomitantly
with standard (cisplatin±etoposide) chemotherapy,
but that the doses of chemotherapy often had to be
reduced because of hematological toxicity.8

We designed this randomized study to see if
maintenance therapy could be improved by combin-
ing IFN-a with 13-cis retinoic acid. Laboratory data and
clinical experiments suggest that retinoids (analogs of
vitamin A or retinol) have the potential to prevent and
inhibit carcinogenesis, and could be used as adjuvants
in the management of early stage disease.10 Retinoids
combined with IFN-a have been shown to have
synergistic effects on growth inhibition and the
induction of differentiation. 13-Cis-retinoic acid is a
vitamin A derivative belonging to the retinoid group,
which has been found to inhibit cell proliferation,
induce cell differentation and inhibit angiogenesis.11

IFN-a has been found to increase the efficiency of the
anti-cancer effects of retinoids in some studies, and
favorable responses have already been seen in clinical
trials using the combination of retinoids and IFN-a, e.g.
in the treatment of squamous cell carcinoma.12

The induction treatment in this study consisted of
four cycles of ICE (ifosfamide±carboplatin±etoposide)
chemotherapy and sequential thoracic irradiation for
patients with LD. Patients were then randomized to
receive IFN-a+13-cis-retinoic acid maintenance ther-
apy, trophosphamide maintenance or no maintenance,
for 1 year. The main endpoints were time to

progression, duration of response, treatment feasibility
and toxicity of IFN-a+13-cis-retinoic acid maintenance
therapy.

Patients and methods

We enrolled patients with histologically or cytological
confirmed diagnosis of SCLC. Patients with previously
untreated stage I±IV SCLC, with measurable tumor (in
one or two dimensions) and age between 18 and 70
years were eligible. Patients were required to have a
Karnofsky index 560%, WBC 54.06109/l, platelets
51006109/l, creatinine, creatinine clearance and
bilirubin within normal reference range, cholesterol
58 mmol/l, and aspartate aminotransferase 536
upper limit of reference range (if liver metastases
were present 556 upper limit of reference range).
Written informed consent was required.

Exclusion criteria were pregnancy and breast
feeding (women of child-bearing age were expected
to use efficient contraception during the study), other
serious disease than SCLC (recent cerebral or myocar-
dial infarction, 43 months), simultaneous treatment
with other investigational cancer drugs, expected
survival 43 months, inability to comply with drug
therapy, hyperlipidemia and A vitaminosis.

The patients received four courses of combination
chemotherapy consisting of a first course of high doses
with growth factor support, and three courses using
standard doses of ifosfamide, carboplatin and etopo-
side at 3 week intervals. The original protocol included
epirubicin (90 mg/m2 in the first course and 70 mg/
m2 in the other courses) but this was removed after
the first four patients had been treated, because of
toxicity. The first course of elevated doses with
routine growth factor (granulocyte colony stimulating
factor) support comprised ifosfamide (Holoxan1; Asta
Medica, Tampere, Finland) 5 g/m2 i.v. day 1, 3±4 h
infusion+mesna (Uromitexan1; Asta Medica) 50%,
25%, 25%, carboplatin (Paraplatin1; Bristol Myers
Squibb, Espoo, Finland) 300 mg/m2 i.v. day 1, etopo-
side (Vepesid1; Bristol Myers Squibb) 120 mg/m2 i.v.
days 1±3 and filgrastim (Neupogen1; Amgen, Espoo,
Finland) 5 mg/kg/day s.c. days 4±14. In the second,
third and fourth courses, patients received the same
drugs at standard doses: ifosfamide 3 g/m2 i.v. day 1,
3±4 h infusion+mesna 50%, 25%, 25%, carboplatin
200 mg/m2 i.v. day 1 and etoposide 120 mg/m2 i.v.
days 1±3. In courses 2, 3 and 4, filgrastim was always
given if there was WHO grade 4 granulocytopenia
(50.56109/l) in two successive blood tests.

Patients, who had LD at diagnosis and who achieved
a complete response (CR) or partial response (PR),
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received radical doses of radiotherapy to the tumor
area and mediastinum (2 Gy/day, 10 Gy/week up to
the total dose of 50 Gy) 3 weeks after the induction
chemotherapy, as did any extensive disease (ED)
patients who achieved a complete response to the
induction chemotherapy. The upper limit of treatment
field was the fossa jugularis and the lower limit was the
bifurcation of the trachea, to include the subcarinal
lymph nodes, but excluding most of the heart. The
maximum dose allowed to the medulla was 45 Gy. The
doses were calculated to the ICRU point.

Responses were evaluated from computed tomo-
graphy scans after the fourth course of induction
treatment and after radiotherapy. Patients who had
achieved no objective response to induction che-
motherapy, or who had progressive disease, were
excluded from the randomized part of study.

Tumor response was defined as follows: CR,
complete disappearance of all known measurable
and evaluable tumor from consecutive CT scans not
less than 4 weeks apart; PR, 50% or greater decrease of
tumor load, without the appearance of any new
lesions or progression of any lesion; and progression
(PD), an increase of more than 25% in one or more
measurable or assessable lesions, or the appearance of
a new lesion. All other evaluable circumstances were
classified as stable disease (SD). Patients were evalu-
able for response after two courses of chemotherapy
or after one course if there was disease progression.

Response duration was the time from the initial
documented response to the first documented sign of
progression. Survival was calculated from the first dose
of chemotherapy until death. Time to progression was
calculated from the first dose of chemotherapy to the
first documented sign of progression.

Patients in whom CR or PR were observed at
restaging, after the completion of chemotherapy, were
randomly assigned to one of three maintenance groups.
Those patients who had ED at diagnosis were randomly
assigned at the first restaging after the induction
chemotherapy. Those patients who had LD at diagnosis
were randomly assigned at the second restaging after
thoracic radiotherapy. The first maintenance therapy
group received IFN-a and retinoid (Arm 1), the second
group received trophosphamide chemotherapy (Arm
2), and the third group acted as the control group (Arm
3). Patients who achieved a CR or had minimal residual
disease also received prophylactic cranial irradiation
(PCI) 24 Gy (2 Gy/day 12 fractions).

In Arm 1, patients received IFN-a-2a (Finnferon1; SPR
Veripalvelu, Helsinki, Finland/Roferon-A1; Roche,
Espoo, Finland) as maintenance treatment 6 MIU s.c.
TIW for 4 weeks, followed by 3 MIU s.c. TIW.
Simultaneously with IFN treatment they received 13-

cis-retinoic acid (Roaccutan1; Roche) 1 mg/kg/day p.o.
BID daily from day 1. In Arm 2, patients received
trophosphamide (Ixoten1; 50 mg/tablet; Asta Medica)
100±150 mg/day p.o. BID. Arm 3 was the control group
(no maintenance treatment). All maintenance treatment
was started 4±6 weeks after radiotherapy or 4±6 weeks
after the fourth chemotherapy cycle. It was given for 12
months, but stopped earlier if progression or severe side
effects were observed. In this case second-line topote-
can or best supportive care was given.

The following procedures and measurements were
carried out before the first course of induction
treatment, before the beginning of maintenance
treatment and when all active treatment was discon-
tinued: chest X-ray, CT scan of thorax and upper
abdomen, ECG; complete blood count, CRP, sodium,
potassium, creatinine, creatinine clearance, aspartate
aminotransferase (ASAT), alanine aminotransferase
(ALAT), alkaline phosphatase, bilirubin, cholesterol,
triglyceride, calcium, neuron-specific enolase (NSE),
and ultrasound of the heart, if necessary.

Before each chemotherapy cycle and in days 10±14
of each cycle the following were required: complete
blood count, CRP, and creatinine, sodium and
potassium levels. Before each cycle a chest X-ray was
taken and alkaline phosphatase levels were measured.

For the evaluation of therapeutic response, a clinical
investigation as well as a CT scan of the chest and
upper abdomen (plus bronchoscopy if necessary to
confirm complete response) were performed before
the start of both the induction and the maintenance
treatments, and whenever a patient left the study for
whatever reason. A brain CT scan was performed
before PCI.

During maintenance treatment, chest X-rays were
taken every second month, and CT scans of the chest
and upper abdomen were performed every fourth
month, at the end of maintenance treatment and as
necessary. Patients underwent a complete blood
count, CRP, and measurement of creatinine, ASAT,
ALAT and bilirubin levels every 4 weeks. Cholesterol
and triglyceride levels were also measured in Arm 1
patients every 4 weeks. Clinical investigations were
performed at least every 2 months, and more
frequently if necessary (Arm 3 patients included).

If neutrophil levels were 0.5±0.996109/l or platelet
levels were 50±746109/l before a chemotherapy
cycle, patients received 75% of the scheduled che-
motherapy doses. If neutrophils were 50.56109/l or
platelets 5506109/l before a chemotherapy cycle,
the chemotherapy was not administered. The levels
were measured again after one week.

Patients were randomly allocated to Arm 1, Arm 2 or
Arm 3 using block randomization.
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All patients who received at least one dose of
combination chemotherapy were evaluable for safety
of the induction treatment. Patients who received at
least one dose of maintenance therapy were evaluable
for safety of the maintenance treatment. Toxicity was
graded according to the WHO criteria. All patients
who were enrolled in the study and met the eligibility
criteria qualified for objective tumor response assess-
ment and for analysis of the time-to-event parameters.

Statistical analysis

Statistical analyses were performed using the BMDP
(University of California, 1992) and StatXact 4 (Cytel
Software Corporation 1995) software packages. Survi-
val rates and curves were calculated using the Kaplan±
Meier method. The log-rank (Mantel±Cox) test was
used to compare the survival curves and analysis of
variance was used to compare group means of the
continuous variables. The differences were tested
using the generalized Fisher's exact test for R6C

contingency tables. All p values reported are two-sided
and p<0.05 was considered significant.

Results

Between March 1995 and February 1999, 85 patients
with histologically or cytological confirmed, without
prior chemotherapy, stage I±IV SCLC were entered in
the study.

After induction chemotherapy or after induction
chemotherapy and radiotherapy, 60 patients in whom

CR or PR was observed were randomly assigned for
maintenance treatment. Seventeen patients were
randomly allocated to the IFN±retinoid arm, 23
patients to the trophosphamide arm and 20 patients
to the control arm. Twenty-five patients, who had
achieved no objective response to induction che-
motherapy or who had progressed, were excluded
from the study and they continued with symptomatic
treatment. Patient characteristics are described by
treatment arm in Table 1.

The three arms of the study were well balanced
with respect to age, sex and performance status. There
were slightly more patients (55%) with LD than with
ED.

The response rates to the induction therapy are
given in Table 2 and were determined according to
WHO criteria, as the best response from at least two
consecutive courses of chemotherapy with a con-
firmatory tumor evaluation at least 1 month later.
There was no statistically significant difference in

Table 1. Patient characteristics

Total IFN Ixoten Control Not randomized

No. of patients 85 17 23 20 25
M/F 58/27 11/6 16/7 12/8
Age (years)

median 61 58 60 57 60
range 39±74

Karnofsky's performance status (%)
100/90 15/31 5/6 5/9 0/7 5/9
80 24 2 7 9 6
580 15 4 2 4 5
median (%) 90 90 90 90 90

Stage

I 6 4 1 1 1
II 1 0 0 0 1
IIIA 9 0 7 2 0
IIIB 31 5 5 10 11
IV 37 9 10 7 11 (1 NE)

LD 47 (55%) 8 13 13 13
ED 37 (44%) 9 10 7 11 (1 NE)

Table 2. Best response to chemotherapy + radiotherapy
(n=85)

IFN Ixoten Control Not
randomized

CR 21 5 7 8 1
MRD 4 2 0 2 0
PR 42 10 16 10 6
NC 6 0 0 0 6
NE 11 0 0 0 11
PD 1 0 0 0 1

p = 0.44.
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response rate between the groups. Eleven patients
were unevaluable for response: one had been wrongly
diagnosed, five suffered an early death and five did not
receive the full treatment [one patient violated
protocol (too old), two did not receive any che-
motherapy and two received only one course of
chemotherapy].

Median duration of maintenance treatment was 4.2
months both in the IFN-a±retinoic acid arm and in the
trophosphamide arm. Median survival for the patients
in Arm 1 (IFN-a±retinoid) was 17.7 months, in Arm 2
(trophosphamide) 13.5 months and in Arm 3 (control)
16.2 months. The 1-year survival rates were 82% for
Arm 1, 56% for Arm 2 and 55% for Arm 3. The disease-
free interval was 6.5 months in Arm 1, and 5.5 and 4.7
months in Arms 2 and 3, respectively. Time to
progression was 8.6 months in Arm 1, and 8.0 and
6.8 months in Arms 2 and 3, respectively. Time from
PD to death was 7.8, 3.1 and 3.3 months, respectively.
There were no statistically significant differences. The
survival curves are shown in Figure 1.

Hematological toxicity during induction chemother-
apy was graded according to WHO guidelines and is
given in Table 3. The most common hematological
toxicity was grade 3 (13%) and 4 (14%) leukopenia and
thrombocytopenia. The most common non-hematolo-
gical toxicity was allergic reaction to the mesna
infusions (5% of patients). Three deaths occurred
when using the initial four-drug regime consisting of
epirubicin (a 63-year-old man with infection, a 65-year-
old man with a myocardial infarction and lung
oedema, and a 64-year-old woman with GI hemor-

rhage). The regime was modified to exclude epirubi-
cin, because we could not exclude the possibility that
the deaths were treatment related. During mainte-
nance treatment there were only two grade 3 non-
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Figure 1. Survival of 65 patients with SCLC according to maintenance therapy. Heavy line, IFN-a+retinoic acid (n=17); broken
line, trophosphamide (n=23); light line, control (n=20).

Table 3. Toxicity of induction chemotherapy (n=85): no. of
cycles in original four-drug protocol, 10; no. of cycles in
modified three-drug protocol, 286

Grade 3 Grade 4

Hematological (no. of cycles)
Leukopenia

original protocol (+ epirubicin) 1 4 (40%)
modified protocol (no epirubicin) 38 (13%) 39 (14%)

Thrombocytopenia
original protocol (+ epirubicin) 2 3 (30%)
modified protocol (no epirubicin) 16 (5%) 21 (7%)

Anemia 1

Non-hematological (no. of cycles)

Grade 3

liver enzymes increased 2
angina pectoris 1

Grade 1±2

allergic reaction 15 (5%)
cystitis (ifosfamide) 3
ifosfamide encephalopathia (?) 1
atrial fibrillation 2
myocardial infarction 2 (original protocol)
sepsis 4
pulmonary abscess 1
hypocalcemia 5
hyponatremia 1
sinus takycardia
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hematological toxicity events, one case of nausea in
the IFN-a±retinoic acid arm and one case of grade 3
leukopenia in the trophosphamide arm. One episode
each of grade 1 hypercholesterolemia and grade 1
hypertriglyseridemia also occurred during IFN±reti-
noid maintenance treatment.

Brain metastases were fewer in the IFN arm than in
the trophosphamide or the control arms, but the
difference was not statistically significant.

Duration of maintenance treatment, duration of
response, time to progression, 1-year survival rates,
median survival and time from PD to death are shown
in Table 4.

Discussion

SCLC responds initially to chemotherapy, but the
remission is difficult to maintain. Various forms of
maintenance chemotherapy have been studied. Sculier
carried out a critical review of the literature on
maintenance chemotherapy for SCLC. One study
showed a statistically significant difference in survival
in favor of maintenance treatment and five obtained
some survival advantage in certain subgroups of
patients. Another study reported a significantly shorter
survival for patients receiving maintenance treatment
and in six studies there was no difference in survival
between the arms.13 A quantitative overview or meta-
analysis was impracticable, because of the lack of data
for calculating the odds ratio from the publications and
because of the heterogeneity of study design. Sculier

concluded that maintenance CT could have some
indications and that further good quality trials need to
be carried out. Trillet-Lenoir's group has made a meta-
analysis of this topic, based on the published data from
15 randomized trials. They also concluded that further
well-designed randomized clinical trials of mainte-
nance chemotherapy for SCLC are needed.14

It is therefore of interest to seek novel treatments to
maintain remission in SCLC. Biological response
modifiers with anti-neoplastic activity, like IFN, have
stimulated investigators to design studies using this
agent to maintain response in SCLC. IFN-a's anticancer
activity is based on variety of properties, which
involve both direct and indirect action on tumor cells.
Direct anti-tumor actions include anti-proliferative
effects, cytotoxic effects and enhancement of antigen
expression on the cell surfaces of tumor cells. Indirect
actions include activation of macrophages/monocytes,
activation of T cells, activation of NK cells and
modulation of antibody production.15 IFNs have anti-
angiogenetic properties, they are known to inhibit
vascular proliferation.16 Since the 1970s, when Cantell
and the Finnish Blood Bank was able to produce
sufficient quantities of crude IFN-a from buffy coat
layers for clinical use, several trials have been
performed in lung cancer, first using natural IFN-a
and later using different combinations of recombinant
IFN. Very high-dose or low-dose natural IFN-a mono-
therapy did not induce objective responses in SCLC,
nevertheless it stabilized the disease for a significant
duration of time to indicate that IFN-a has biological
activity against SCLC. In most studies in SCLC, both
natural and recombinant IFN-a were given concur-
rently with chemotherapy or used as maintenance
treatment after induction chemotherapy. A great
variety of study design and dosage schedules were
used in the earlier IFN maintenance studies, and some
problems were encountered. In Kelly's study, using a
rather high dosage of recombinant IFN-a, only a few
patients could complete the IFN-a maintenance
treatment protocol because of intolerable side-
effects.17 In Tummarello's study, despite encouraging
results, the number of patients was too small to
evaluate the role of IFN-a in maintenance treatment
(only 14 patients in IFN-a arm).18 Mattson, on the
other hand, achieved a clear difference in long-term
survival in a large randomized study of IFN-a
maintenance therapy following induction chemo- and
radiotherapy for patients with SCLC, using low-dose
natural-IFN-a.7 In another phase III study, Prior also
showed that the IFN maintenance arm patients
survived longer than those in the chemotherapy arm
(p50.02).19 In a study evaluating concomitant che-
motherapy and IFN-a for SCLC, we showed that low-

Table 4. Duration of maintenance treatment, duration of
response, time to progression, time from PD to death, 1-
year survival and median survival

IFN Ixoten Control

Duration of maintenance

treatment, median (months) 4.2 4.2
N 17 23

Duration of response,

median (month) 6.5 5.5 4.7 p = 0.24
N 12 18 16

Time to progression, median
(months) 8.6 8.0 6.8 p = 0.31
N 12 18 16

Time from PD to death,
median (months) 7.8 3.1 3.3 p = 0.27
N 10 18 13

One-year survival (no. of

patients) 14/17 13/23 11/20 p = 0.18
% 82 56 55

Survival, median (months) 17.7 13.5 16.2 p = 0.79
N 17 23 20
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dose IFN-a can be administered concomitantly with
standard chemotherapy, but that optimal full doses of
chemotherapy could not be given because of hemato-
logical toxicity.8 In Lebeau's study, patients were
treated with six courses of chemotherapy+thoracic
radiotherapy and PCI, and then the patients were
randomly assigned to control (no maintenance treat-
ment) or IFN-a maintenance treatment. The estimated
2-year survival rates were 22% in the IFN-a group and
13% in the control group; the estimated complete
response rates at 2 years were 22 and 15%, respec-
tively.20 Results are thus conflicting.

Preclinical data indicate that the combination of
retinoids and IFN have synergistic anti-proliferative
and differentiating effects in some hematological and
solid tumor models.21 Two trials using a combination
of IFN and retinoids in patients with non-small cell
lung cancer (NSCLC) have been completed. In the
first,22 only patients with squamous histology were
eligible and prior chemotherapy was permitted. Only
one response of brief duration was observed in 17
patients. In the second trial,23 the patients had not
received prior chemotherapy. One response was seen
in the 17 patients in the squamous histology cohort
and none in the 17 patients with non-squamous
histologies. A possible mechanism of action of this
combination could be that retinoids increase the
expression of interferon receptors, thus rendering
tumor cells more susceptible to the anti-proliferative
effects of IFNs. Another possible explanation for the
enhanced anti-tumor effect of this combination of
agents could be their inhibitory effects on tumor
angiogenesis.

All these earlier results provided the rationale for the
present study, where adequate induction chemother-
apy was followed by an intensified combined biologi-
cal maintenance treatment consisting of IFN-a and
retinoid acid.

This is the first study of IFN-a and retinoid acid in
SCLC. We have been able to show that it is feasible to
administer a combination of retinoids and IFN-a for 12
months as maintenance therapy after high-dose
chemotherapy and radiotherapy, without any grade
3±4 toxicities. The study was designed as a rando-
mized phase II feasibility study, so that patients were
randomized before maintenance therapy in order to
test the design for a potential future phase III study.
We ran two control arms, no treatment maintenance
or maintenance treatment using a low-dose single-
agent oral chemotherapy. Median survival of 13.5±
17.7 months and a 1-year survival rate of 55±82%
indicated that the induction chemo-radiotherapy was
adequate. Median duration of IFN-a and retinoid acid
maintenance treatment was 4.2 months. The main

cause for treatment discontinuation was disease
progression. Median time to progression and median
duration of response were not significantly better in
the IFN-a±retinoid arm, but there was a trend towards
better 1-year survival figures in the IFN-a±retinoid arm.
The patients in the IFN-a±retinoid arm also tended to
live longer after the development of progressive
disease, but the difference was not statistically
significant.

The continuing improvement in the understanding
of the biochemical pathways that lead to tumor
growth has focused on new targets for anti-neoplastic
agents. Recently novel anticancer agents have
emerged for clinical use, such as signal transduction
inhibitors and angiogenesis inhibitors. Inhibition of
angiogenesis provides a promising new strategy for
cancer therapy and would be of particular value as an
adjuvant treatment after primary ablative therapy.24

The inhibitory effect of IFNs on the process of
angiogenesis was already known in the 1980s.16 The
combination of IFNs with new anti-angiogenesis
agents could potentiate anti-angiogenetic activity. To
optimize maintenance therapy in SCLC using biologi-
cal agents, we recommend further studies of IFN and
some of the new anti-angiogenetic factors.
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